FOR rather more than two years we have had charge of the " Jaw Department" at the First Southern General Hospital, Birmingham, to which all cases of injuries to the jaws requiring special treatment are sent from the whole Southern Command. A very large percentage of these cases suffer from compound fracture of the mandible. Successful treatment involves (1) osseous union, (2) functional occlusion, and (3) avoidance of disfigurement.
In the majority of cases these results have been obtained by means of mechanical technique associated with due regard to the establishment of aseptic conditions. A certain number of cases, however, present difficulties which cannot be overcome by this technique alone: shch treatment, whilst serving to secure alignment, may fail to produce osseous union, owing. to one or more of the following causes:
(1) Extensive loss of bone as the direct result of the injury, resulting in the formation between the fragments of fibrous tissue only.
(2) Persistent sepsis accompanied by necrosis and loss of bone tissue, due to the injury being compound either to the interior or the exterior of the oral cavity, with or without the presence of foreign bodies or sequestra.
(3) Intervention of soft tissues between fragments.
(4) Separation of fragments in the endeavour to restore alignment, particularly in cases where spaces of i in. or less are present.
(5) Over-riding or malposition of -osseous fragments. (6) Persistent mobility of fragments due to muscular action, in some cases uncontrollable by mechanical means-such as short posterior edentulous fragments.
For convenience of consideration, these ununited fractures may be classified according to position, thus:
(1) Anterior area, between the canines.
(2) Lateral area, between the canine and the last molar (inclusive).
(3) Posterior area, behind the last molar.
(1) Anterior Fractures.-]Delayed union in this region may now be considered rare, but it does occur. Where the loss of tissue is not considerable the case is handed over for surgical treatment. In some cases removal of intervening fibrous tissue and freshening of the ends of the fragments, with subsequent approximation and fixation with dental splints, may suffice. But, in cases in which it is doubtful whether a good result can be obtained by such means or only by approximation of fragments with loss of alignment and resulting deformity, we have come to regard bone-grafting, with restoration of alignment, as a preferable procedure.
(2) Lateral Fractures.-In this class of injury displacement of fragments occurs more frequently and to a greater extent than in anterior fractures, this being due primarily to unbalanced muscular action. For this reason ununited lateral fractures are more common than anterior.
Once a bone-graft has been decided upon as necessary, every effort is made to restore the fragments to alignment as near the normal as possible, both for ultimate restoration of function and for sesthetic reasons. The dental arch usually provides a sure guide to this, and interdental splints of various types are the direct means of obtaining restoration of position. When this is satisfactorily accomplished, retention is maintained for at least a month after all soft parts are fully healed, and evidence of sepsis has disappeared. Then we usually consider the case ready for operation; the splints are removed and the same, or new splints, are applied after the grafting operation, and when the wound is healed.
(3) Posterior Fractures.-In this region we are confronted with one of the most difficult problems which jaw injuries present to dental technique, that is the edentulous posterior fragment. This edentulous. fragment which is severely displaced generally upwards, Section of Odontology7 forwards and inwards, is irreducible by the application of any internal mechanical appliance, owing to the intolerance of the soft tissues to pressure. This intolerance, due largely to muscular movement, is further aggravated by the presence of sharp edges or spurs of bone projecting at the parts Xvhere pressure is required to depress the fragment. The difficulty of satisfactorily reducing and retaining such displaced fragments has been made apparent to us in our earlier efforts when using a variety of mechanical devices (soft rubber pads with springs, hinges, levers, &c.). The result of this line of treatment has led us to abandon such attempts at fixation as being liable to cause serious and prolonged discomfort to the patient with little or no practical gain in the prospect of obtaining osseous union. Our present view is that it is better to leave these fragments uncontrolled until the time for surgical interference has arrived; the displacement is then largely reduced by release of muscular or fibrous attachments, to which it may be due. Projections of bone liable to cause discomfort beneath any covering splint subsequently applied are removed at the same time. This method of procedure has shown that posterior fragments surgically treated in this manner will retain their restored alignment in contact with the graft inserted long enough to enable the graft to heal in. This permits of the adaptation and fixation of the most suitable splints for retaining the restored alignment. DENTAL TECHNIQUE.
The advantages of allowing free access to the mouth during operation, both for the surgeon and the ancesthetist, 'and for efficient treatment in the event of any post-anaesthetic complication arising being kept in view, the principles of dental technique adopted in all three classes of fractures, anterior, lateral, and posterior-are the same and may be given as follows (1) Removal of all sources of sepsis.
(2) Reduction of misplaced fragments to normal position as far as mechanically practicable, without detriment to condition of soft tissues.
(3) Removal of all appliances before the grafting operation is done, no appliances being adapted until the operative wound is closed and the graft is healed in sufficiently to avoid all risk of sepsis or disturbance, a period varying from two to four weeks or even longer, according to the amount of displacement corrected (surgically) at the time of operation, condition of the patient, &c. Naturally, the greater the reduction, the greater will be the intolerance of the tissues to pressure from dental splints. We consider that in some earlier cases the nutrition of the graft and its bed may have been interfered with by the pressure from splints applied too early.
(4) Re-adaptation of Splints.-New models are taken and splints made for the retention of all parts in the alignment gained by the operation. Where any slight alteration of the occlusion attained before operation has resulted from the insertion of the graft or the reduction of a fragment, such deviation has been fiund readily reducible by a suitable method of splinting without interfering with the retention of the bone graft in a position favourable to union. That this can be done is due to the fact that the graft is firmly held in situ by the deep layer of soft tissues and the ends of the graft and the fragments beirfg so bevelled and overlapped as to allow a certain amount of movement without loss of contact, as described later. The correction and retention of the fragments are attained by the use of cast silver cap splints, adapted and cemented to standing teeth, supplemented by vulcanite extensions with soft rubber lining covering edentulous parts in the neighbourhood of the graft. Where interdentbal splints are used, the position of the closed bite is resorted to and the splints are fixed to each other by means of articulating tubes and bolts, hooks and wires, &c. If a satisfactory articulation can be assured, it has been found quite sufficient to splint the mandible only. As such treatment restores function, it is naturally a comfort, and an aid to the patient's recovery. A metal chin cap splint of standard type covered with lint or chamois leather is applied in all cases as soon as the wound has healed.
We are of the opinion that no effort should be spared in the way of bringing the physical and mental condition of the patients to the highest possible standard of efficiency, before and after the operation of bone-grafting, by means of healthy surroundings, good feeding and plenty of outdoor exercise. Massage and ionization have proved useful adjuncts in the treatment of soft tissues, both before and after operation. In a few cases, even twelve months after the union of a bone-graft, we have found evidence of a rarefying gsteitis around the apices of teeth; these were obviously considered at the time of the operation to be so far removed from the seat of the graft as to cause no anxiety. Such a fact raises the doubt as to whetlier the extraction of one tooth on each side of the gap leaves sufficient margin for safety.
SURGICAL TECHNIQUE.
It is essential that firm osseous union should be obtained even at the expense of deformity, otherwise the power of mastication is gravely impaired. When, however, the gap is wide, the deformity resulting from allowing the fragments to approximate is so great and renders the fitting of suitable dentures so difficult that it can only be the extreme resort. A satisfactory functional and cosmetic result can then alone be obtained by successfully bridging the gap by means of a bone-graft.
Other classes of cases in which surgical assistance is necessary to secure osseous union are those (1) in which there is overriding or malposition of osseous fragments; (2) when mobility of the fragments from muscular action cannot be prevented by mechanical means-for example, short posterior edentulous fragments. Operation in these cases consists in carefully dissecting away the scar tissue from between and around the ends of the fragments, rectifying the deformity by the division of contracted muscular attachments and fibrous bands, and immobilizing the fragments by means of a plate and screws. If, as is often the case, a gap remains between the fragments when pared and brought into correct alignment, a small graft is introduced; the technique is similar to that described for bone-grafting.
Bone-grafting in fractures of the jaw resulting from war injuries has presented many difficulties. At first success was so rarely obtained, that the attempt was given up and discouraged by highly competent surgeons as not being worth while. The alternative of obtaining union by allowing the fragments to approximate led to so much disfigurement, and the resulting configuration of the alveolar margin when the gap was a wide one rendered the adaptation of satisfactory dentures so difficult, that we felt compelled to persevere; especially was this so, because in spite-of sacrificing normal alignment, osseous union could not be obtained in a definite percentage of cases. To discharge such cases with non-union was a confession of failure that could only be made with extreme reluctance.
The technique we now employ has been reached only after much experiment, many devices having had to be abandoned. Without enumerating the various stages through which we have passed, we think that a short account of the preparation for and the performance of the operation now in use will be helpful. Whereas success was the exception two years ago, it is now the rule, and it rarely happens that the graft fails to consolidate.
Preliminary Preparation.-This is prolonged, and it may be many months after the original 'wound was received, before the operation of bone-grafting can be undertaken. The fracture is always complicated by sepsis, usually severe, and often by extensive injury to the surrounding soft tissues. As soon as possible an X-ray examination should be made, after which the patient should be anesthetized and the wound explored. Foreign bodies, teeth situated irl and adjacent to the fracture, and loose fragments of bone should be removed. Larger fragments of bone with reasonably good attachments to soft tissues may be left in the hope that they will live. At the same time it is often possible to carry out some preparatory plastic work, the fragments of bone being replaced in as normal a position as possible and soft tissues being drawn together. Within the mouth care must be taken to provide efficient drainage and access to raw surfaces. Finally, before attempting to bone-graft, it is v6ry important that dribbling of saliva from the mouth should be prevented by plastic operations. This dribbling is very common where there is a defect in the lower lip, and saliva soaking into the dressings greatly increases the risk of sepsis in the operation wound. After all wounds inside and outside the mouth have healed, an interval of from four to six weeks should elapse before the bone-grafting operation is performed. During this period the patient is usually sent to a convalescent hospital. Immediately before the operation all dental fixation splints are removed from the mouth. It is found that the retention of these militates against the success of the operation. They cause risk from post-ancesthetic vomiting, greatly adding to the discomfort of the patient, and, where pressure is exerted by them in or near the operation area, they increase the risk of sepsis. For these reasons no attempt is made to fix the fragments of the jaw during the operation or for at least a fortnight after. Everything which interferes with prompt " healing in of the graft must be discarded.
OPERATION.
A skilled anasthetist is essential, and we owe much to the skill with which Captain McCardie has maintained successful ancesthesia under very difficult conditions. A curved incision is made in the neck beginning 1 in. behind the extremity of the posterior fragment and ending 1 in. in front of the end of the anterior fragment. The incision commences and finishes about 1 in. above the line of the lower border of the jaw and in the neck runs about 1 in. below that line. It is only by carrying the incision well below the jaw and raising a flap that soft tissue sufficient to envelop the graft satisfactorily can be obtained. Often at the site of the fracture there is nothing but dense scar tissue extending through to the mouth. In splitting this great care must be taken to avoid opening into the mouth, an accident which necessitates postponement of the operation. The unsatisfactory bed provided by this scar tissue constitutes one of the difficulties of bone-grafting. The incision is deepened by cutting upwards and inwards until the lower border of each fragment is reached: the soft tissues covering their outer surfaces are then raised for, an inch away from the gap and turned up in the flap. The ends of the fragments and the fibrous tissue occupying the space between them are now carefully cut away; finally, each fragment is bevelled by cutting away a flake of bone from its outer surface with bone forceps. In this way raw bone is exposed on either side of the gap and on the outer aspect of the fragments for about 1 in. from its extremity. All bleeding is then carefully arrested and the bonegraft prepared.
After experimenting with bone from the ribs, the tibia, and from the mandible itself, the iliac crest was finally selected as the site from which to take the graft. The bone is tough and can be cut with bone forceps without splitting. Further, a graft can easily be obtained of any length or breadth and the slight natural curve of the crest is approximately that of the mandible. The graft should be taken preferably from the same side as that of the operation wound; this allows the patient to lie comfortably on the opposite side.
An incision is made over the crest, commencing at the anterior superior spine and extending as far back as required. The muscles are then separated on either side of the crest and pressed back by retractors. The bone is cut by an ordinary Horsley's hand saw. The graft should be 2 in. longer than the gap to be filled. If a more curved piece of bone is required, for example, to fill a space near the chin, the graft is made to include the bone between the superior and inferior spines. In this way a graft 4 in. long has been obtained to fill a gap extending from the angle of the mandible bn one side to considerably beyond the chin on the other; the natural curve was so accurate that no subsequent modelling was needed.
After removal of the bone the muscles detached from it are sewn together with catgut and the wounds. closed. No inconvenience whatever seems to result. The ends of the graft are now bevelled with bone forceps, the bevelled areas lying on the prepared outer surfaces of the jaw fragments. In this way the graft overlaps the gap at each end for an inch. Two advantages result from this: (1) A broad line of bony contact between the graft and the fragments is provided with increased prospect of speedy firm osseous union, and (2) there is practically no risk of separation in the event of the gap being increased by subsequent manipulations during the application of dental splints, as a certain amount of sliding can take place without contact being lost. No attempt is made to fix graft or fragments by plates and screws, by wiring, or even by dovetailing the graft into the fragments. All these measures have been tried and discarded. The presence of foreign at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from bodies greatly militates against successful healing, a sinus down to the plate or wire almost invariably forming. Attempts also to make the graft act as a splint by dovetailing it between the fragments have not led to satisfactory results.
Our practice now is to keep the graft in place by sewing the soft tissues closely over the graft and the ends of the fragments by hardened catgut. This has the additional advaptage of closely surrounding the graft with living vascular tissue and abolishing dead spaces in which blood-clot and serum can collect. This improves the nutrition of the graft and diminishes the risk of sepsis.
Finally, the skin is approximated with a few interrupted stitches. No drainage is employed beyond that of leaving spaces between the skin sutures to allow of the escape of serum. A simple dressing and bandage is applied and the patient sent back to bed.
No attempt is made to reintroduce dental fixation splints until the wound is firmly healed and the compound fracture has been converted into a simple one. This usually occurs in two weeks, after which the case is treated as one of simple fracture of the jaw. Firm osseous union occurs in from two to four months, but it is inadvisable to fit the final dentures until at least four months have elapsed, and it is perhaps wiser to allow an interval of six months.
During the nine months, October, 1917 , to July, 1918 bonegrafts were -done; in 11 of these cases the graft was taken from the tibia, and in 14 from the ilium. In this series the results obtained were as follows: In 17 cases good bony union was established. In 6 cases union had taken place at one end only (all these have had the ununited ends freshened and splints refixed, and in one or two cases small pedicle grafts were done) ; in 1 case the graft healed ih well but there was no union at either end; in 1 case the graft came away altogether.
From October, 1918 , to December, 1918 bone grafts were done, 8 of which were taken from the ilium and 1 from the tibia. In this second series the results obtained so far (beginning of January, 1919) are as follows: In 1 case union is practically established; in 6 cases the graft healed in well, and shows satisfactory progress; in 2 cases there was a little discharge from the wound for a short time.
In order to illustrate these results we have selected 6 cases from these two series for publication. 14, 1917 . There was an extensive lacerated wound of the whole of the chin and both sides of the neck and almost entire loss of bone in the region between the two lower first molars. This patient had received treatment in France and when admitted there was a temporary splint in position capping the two last molais on each side, and preverting convergence of right and left fragments. Some time elapsed before the parts were in a condition for bone-grafting to be attempted and finally only one tooth, the last molar on the left side, was allowed to remain. A bone-graft was attempted on July 29, 1918, but a small opening was made into the mouth and the attempt abandoned. A second attempt was made on December 2, 1918, -when a graft taken from the ilium and measuring 5 in. in length was inserted into the gap. This graft was allowed to heal in well; the bed for the graft was a very poor one owing to excessive scarring, and splints were not fitted in position until January 5; 1919. These splints consisted of metal caps covering the upper teeth and the one molar on the left fragment-with soft rubber lined vulcanite extensions, the whole being fixed by means of articulating tubes and bolts. The present condition is excellent and consolidation is apparently taking place (see figs. 9, 10).
Case IV.-Lance-Corporal R., aged 31, wounded by shrapnel on June 23, 1917. Admitted on August 9, 1917. There was an extensive lacerated wound of the whole of chin, neck and lower lip, and almost entire loss of bone in region between 5 and 6 . This patient had received treatment in France and -when admitted was wearing a loose vulcanite splint capping the remaining teeth in the mandible. A bone-graft 31 in. in length taken from the ilium was inserted on April 26, 1918. This healed in well and splints (metal caps with vulcanite extensions, articulating tubes and bolts) were fixed on June 5, 1918. Good progress was made and the splints were removed on January 13, 1919, when good bony union was found to be established. Dentures were fitted and the patient discharged (see figs. 11, 12 There was an extensive lacerated wound over the symphysis, right body of mandible and right side of neck. There was entire loss of bone for about ' in. in the region of 5 3 , the mandible was practically edentulous, only the incisors remaining. In the first place an attempt was made to approximate the fragments by wiring-necrosis supervened and the result was a failure. Later an attempt was made to bridge the space, now about 1i in. in width, by removing a piece of bone from the right angle and planting it in the gap. This also failed, the graft coming away into the mouth. The patient was transferred to the First Southern General Hospital on December 3, 1917. The remaining teeth in the mandible were extracted and the parts allowed to clear up well. On April 22, 1918, a bone.graft measuring 3 in. in length and taken from the ilium was inserted. The graft healed in well and splints were fixed on May 7, 1918. Metal cap splints with vulcanite extension in the upper, were fixed by means of articulating tubes and bolts to a soft rubberlined vulcanite splint in the lower, and the mandible being edentulous, a metal chin splint, struck to a model of the chin and covered with chamois leather, was worn. Good progress was made and the splints were removed on September 30, 1918, when good bony union was found to be established. Dentures were fitted and the patient discharged (see figs. 13, 14). Case VI.-Private W., aged 30, wounded by shrapnel on July 31, 1917; admitted on October 1, 1917. This patient had been treated at another hospital for two months, and when admitted the wound over the left body of mandible had practically healed and splints were in position. The old splints were removed and there was found to be a gap of about 1V in. in region to angle. Some teeth were extracted and the parts allowed to clear up, position Ju-14 !i:..,-
